One of the most prominent fields of environmental chemistry is the study and the removal of micropollutants from aqueous matrices. Analytical techniques for their identification and quantification are becoming more sensitive and comprehensive and, as a result, an increasing number of drugs have been detected in environmental samples. However, the literature shows that conventional treatments for drinking water and wastewater are not sufficient for remove these compounds. This study aims to check whether the process of hydrothermal carbonization (CHT) is effective in removing the synthetic sex hormones: ethinyl estradiol, gestodene and cyproterone acetate from aqueous samples. The system used in CHT basically consists of a pressurized reactor made of stainless steel and solutions of compounds of interest, both individual and mixed, with a concentration of 1.0 μg.L -1 and a pH range of 2.0 to 3.0. The maximum surface temperature in the reactor was about 180 °C, the internal pressure was 20 bar with 90 minutes for the reaction. Four experiments were conducted, one for each hormone and one with the three hormones together. In individual tests removal of the compounds was found to be 99.8% for ethinyl estradiol, 99.3% for gestodene and 100% for cyproterone acetate. For a mixture of the hormones treated under the same conditions, the mean values of CHT-removal of Ethinylestradiol, Gestodene and Cyproterone Acetate were 99.60%, 96.80% and 68.90%, respectively. The impact of the matrix effect may have affected the efficiency of the hormone removal process by CHT.
INTRODUCTION
One of the most prominent fields in the area of environmental studies is the study of organic micropollutants present in aquatic environments (Ferreira 2008) . These micro-pollutants are often known as endocrine disruptors (ED), endocrine disturbers or endocrine interferers and have brought concerns due to their interference with the human endocrine system (Bila et al. 2007 , Ghiselli and Jardim 2007 , Belgiorno et al. 2007 ). According to the European Union (EU), EDs can directly damage an endocrine organ, or directly change the function of an endocrine organ, interact with a hormone receptor or alter the metabolism of a hormone or endocrine organ (Belgiorno et al. 2007 ). Some researchers RUITER L. MORAIS et al. define an endocrine disrupter (ED) according to their effects, i.e., it is a chemical which, even when present in low concentrations, is able to interfere with the natural function of the endocrine system (Ghiselli and Jardim 2007), compromising thus, the reproductive processes and the development and maintenance of cellular homeostasis (Sadik and Witt 1999) . The US Environmental Protection Agency (EPA) defines EDs alternatively as chemicals that lead to toxic results such as various types of cancer and a wide range of adverse effects on the reproductive system (Kavlock et al. 1996) . Synthetic substances, due to deregulatory actions, are usually persistent in the environment, accumulate in soil and sediments and are transported to other regions of the atmosphere. They can accumulate along the food chain, exposing animals to even higher and greater risks. Several of these substances, such as synthetic hormones may be excreted through breast milk, constituting therefore a source of contamination for newborns (Meyer et al. 1999) . Estrogens have been classified as the biggest contributors among the EDs in causing endocrine changes in organisms present in surface water (Gomes et al. 2004 , Lai et al. 2002 , Johnson and Sumpter 2001 . Studies on the hypothesis that chemicals in the environment may be related to estrogenic effects have been reported since 1923 (Baker 2001) . Natural and synthetic estrogens exhibit estrogenic activity in the range of one hundred to one million times greater than that presented by other chemical compounds (Routledge and Sumpter 1996, Tanaka et al. 2001) , which is why these estrogens in very low concentrations, cause vitellogenin in fish, a biomarker of estrogen exposure in male and young fish, or anti-estrogen in female egg-layers, and altered reproductive systems in mice (Ferreira 2008 , Kramer et al. 1998 . In humans, steroid hormones (androgens and estrogens) regulate the fetal development process, such as sexual differentiation. The literature shows that domestic sewage represents a major route for contamination in aquatic environments, and that only a small group of EDs are removed successfully in the treatment of said conventional sewage systems, which employ biological processes (Waring and Harris 2005) . Among many of the existing EDs some have gained prominence and caused concern in the scientific community, due to the large volume produced, consumed and released into the environment. Synthetic sex hormones: ethinyl estradiol, gestodene and cyproterone acetate, substances of interest in this research, are part of this list. The ethinyl estradiol or 17α-Ethinyl Estradiol, found in birth control pills and applied in hormone replacement therapies is the main synthetic estrogen found. This estrogen is one of the most important endocrine disruptors found in the aquatic environment due to being highly estrogenic and resistant to biodegradation (Ferreira 2008) . In the human body, only 15% of ethinyl estradiol is metabolized while the remainder is eliminated in the sewer, so this hormone is also considered an indicator of fecal contamination (Raimundo 2007) . The residue of this compound in treated water is undesirable and there is a concern to minimize the possible exposure to consumers such as children. However, the concentration of ethanol estradiol exposure via drinking water (10.0 to 20.0 μg.dia -1 )
can be compared with a daily dose of steroids, which is 1.0 μg. Previous studies by Morais (2012) showed hydrothermal carbonization (CHT) to be quite promising as a micro-pollutants removal technique in aqueous samples, as well as in the hydrothermal activation step for microspheres of styrenedivinylbenzene. According to the work of Antero et al. (2014) , it led to the formation of surface functional groups on the samples, which will allow catalyst supports for use in reactions of industrial interest to be obtained. It was regarded initially as an innovative technique, allowing carbonaceous materials to be obtained by processing organic waste into a solid similar to lignite (a type of coal), at low to moderate temperatures (between 150 o and 250 °C) (Titirici et al. 2012) . CHT is a synthetic process of carbon materials of various applications where organic residues of different origin are used as raw material. Hydrothermal conditions can be used as an alternative to the crystallization of nano-through biomass-based technologies (Ncibi et al. 2017 ). The problems related to the micropollutants in the environment is far from being solved. The requirements for behavioral change among citizens, and policy formulation on the part of government are identified for combating the growing influence of these damage substances of endocrine disruptors (Tijani et al. 2016) . In this work the CHT was tested to remove sexual hormone from synthetic samples prepared in the laboratory. The conditions for the CHT experiments were similar to the literature concerning the hydro carbonization of solids. The natural environment is suffering under the human activities and the research of advanced treatments and remediation processes for the recovery of water and wastewater became strategic for the nations. It was necessary to adjust the pH of the solutions to the range of 2 to 3 for the tests with the CHT reactor. This required the use of 10% phosphoric acid solution, prepared with 85% phosphoric acid and ultrapure water. The pH correction is necessary because the pH acid works as a catalyst for reactions during the process of hydrothermal carbonization.
MATERIALS AND METHODS

SYNTHETIC SEX HORMONES
HYDROTHERMAL CARBONIZATION REACTOR
The CHT reactor used in the tests consisted of a container and a stainless steel (304) cover ( Figure  1) . A pressure gauge to measure internal pressure in the container was installed on the cover, and an automatic gas exhaust valve (safety system), in case of internal pressure above the critical threshold (25 bar). For engaging and sealing the lid on the container a Teflon sealing ring and six stainless steel bolts (304) were used. The total internal volume of the container was 256.6 mL, with a useful volume of 150.0 mL. The reactor used was developed in 2010 in the chemistry department of the Federal Institute of Goiás-IFG, which gave permission for its use to the Federal University of Goiás. The tests were performed in the general chemistry laboratory at the Federal Institute of Goiás (IFG), campus Goiânia, and in the laboratory of Cifarma´s Effluent Treatment Station. The reactor operation was carried out as follows: after washing and sanitizing the container, the lid and the sealing ring, 150.0 mL of the solution(s) of hormone(s) of interest was placed in it. Having previously corrected the pH, the seal ring and the lid were put on. Then, the six bolts were put in the holes joining the lid to the container and with the aid of a key, they were tightened so that the sealing was complete. Since the reactor does not have a device to measure the internal temperature during operation, it was decided to put a manual thermometer resting on top of the cover, to estimate the surface temperature of the reactor. The container was then placed on the hot plate. The same was attached, and the internal pressure and the surface temperature of the reactor was monitored and collected at five-minute intervals over 90 minutes. The hot plate was turned on at the beginning of the experiment and, for security reasons, each time the internal pressure was greater than 20 bar, it was turned off to allow the pressure decrease to a level between 15 and 20 bar, which is considered the secure range by the reactor developer. Once it was in the safety pressure range, the plate was turned on. This process was carried out whenever it was necessary, for a total of 90 minutes for each test. After the test, the reactor was allowed to cool and then the gas outlet opened. After removing the cover and the seal ring, the effluent was collected in a plastic beaker of 500.0 mL and transferred to a Schott 250.0 mL glass bottle, previously cleaned with ultrapure water and a light alkaline soap and sanitized with 70% ethanol. The flask was then sealed, labeled and stored in a refrigerator at 4 °C for later analysis via HPLC. The reactor and its accessories were properly washed and sanitized before another test was performed. Four tests were carried out: one for each individual type of hormone, namely three tests, and one for a mixture of the three hormones.
Detection and quantification of synthetic sex hormones
The High Efficiency Liquid Chromatography Equipment (HPLC) used in the detection and quantification of synthetic hormones before and after the testing for removal by CHT, was the Agilent series 1200 brand, with diode arrays detector -DAD, UV/visible and fluorescence, and was kindly loaned by Cifarma Farmacêutica Ltda. Both detectors, fluorescent and DAD, were used in the analysis of chromatograms in this study to quantify the analyzed substances. Use of the HPLC occurred in the company's facilities, with the accompaniment of an expert analyst. The technique for detection and quantification used was developed and validated for individual compounds by the company, Cifarma (2011), for the process of validation and the cleaning of equipment. Therefore, it was necessary to sample the surfaces of equipment in contact with the product and establish the level of residues present. It required a very sensitive and specific technique. For the hormones studied, the technique defined as the quantification limit mean value (LQ) was 3.562 μg.L -1 and Limit of Detection mean value (LOD) was 1.068 μg.L -1 . HPLC is a technique with good detection rates and is used widespread when it comes to hormone analyzes of waters and effluents (Raimundo 2007 , Jurgens et al. 2002 , Machado 2011 , Jardim et al. 2012 . The chromatographic conditions were: column Agilent Zorbax C18 (100 X 4.6 mm); DAD wavelength detection at 254 nm; fluorescent detection with Ex. at 285 nm and Em. at 310 nm; mobile phase: acetonitrile/ ultrapure water 50:50 (v/v); flow 1.0 mL.min -1 ; temperature 30 ºC;
injection volume 100 μL.
RESULTS AND DISCUSSION
In the tests with the solution containing all three hormones, mean values for the removal of ethinyl estradiol and gestodene can be considered satisfactory, 99.60% and 96.80%, respectively. For cyproterone acetate the average removal was 68.90%. The chromatograms of the solution containing the three hormones before and after removal by CHT can be seen in Figures 2 (before) and 3 (after), respectively. Table I shows the quantitative results for mixture solution of gestodene + ethinyl estradiol + cyproterone acetate, used before and after removal by CHT. The results for the individual samples were satisfactory, however, this is not observed in the mixture of hormones, possibly because of the matrix effect of the molecules in the solution that affects the efficiency of the hormone removal process by CHT. The matrix effect of the hormone mixture can empower their chemical activities (Gonschorowski 2013) . The results for the individual samples were satisfactory but the results observed for the samples which were of mixed hormones. The removal of ethinyl estradiol by CHT presented an average of 99.79%. For gestodene, the average value was 99.32% and for cyproterone acetate the average removal was 100%, with respect to the detection limit and quantitation techniques. The chromatographic quantitative results for individual solutions before and after removal by CHT can be seen in Table II (ethinyl estradiol), in Table III  (gestodene) and Table IV (cyproterone acetate) . The quantitative removal process of endocrine disrupting compounds (EDCs) by CHT as effluent treatment contributes to significant reduction of adverse effects of inhibiting the normal activity of the endocrine system of animals and humans. Studies of the degradation products of EDCs through chromatographic analysis can support to follow the metabolic breakdown pathways of the EDCs molecules (Ojoghoro et al. 2017) .
The heating plate used as a heat source for the CHT process during testing reached the maximum temperature of 300 °C, but due to heat loss to the environment the surface temperature of the reactor did not exceed 180 °C. During testing the heating plate entered standby for a few minutes, probably reaching its maximum temperature or the safety temperature, equivalent to about 150 °C on the reactor surface. This may have influenced the hormone removal process, because when entering standby, the temperature and pressure in the reactor decreased. In all chromatograms used in this work (not shown) you can see that there was degradation of the compounds studied, as there are peaks of unknown substances formed at different retention times when compared to the parent compounds. In this research it was not possible to identify the products/degradation of waste and if they have any endocrine disrupting action (estrogenic, androgenic or progestogen). There was no visual observation of color or strong odor observed in the samples after removal by the hydrothermal carbonization reactor. These characteristics can be positive for possible future implementations of the process on an industrial scale.
Given the results from tests and correlations with pre-existing information, it is considered that the process of CHT showed great potential for the removal of the synthetic sex hormones -ethinyl estradiol, gestodene and cyproterone acetate from natural water streams and wastewater from secondary treatment of waste water treatment plants (WWTP) of sewage and industrial effluents. RUITER L. MORAIS et al.
The hydrothermal carbonization process performed a better removal of individual compounds, with removal of 99.8% of ethinyl estradiol, 99.3% of gestodene and 100% of cyproterone acetate, in relation to the detection and quantification limit of the technique. For removal of the hormones together in solution, obtained were 99.4% for ethinyl estradiol, 94.3% for gestodene and 68.9% for cyproterone acetate. With a hot plate as a heat source for the reactor during the tests, it took 40 to 50 minutes to reach viable temperature and pressure rates for the CHT process (200 °C and 20 bar) and about 10 more minutes for equipment standby. It is possible to infer that with a heating system closed and adapted to the CHT reactor, where the heat losses and temperature variations are smaller and where the process has to begin with temperature close to the ideal (200 °C), the full individual removal of hormones takes between 30 to 60 minutes of reaction time. For the solution containing the three hormones, that time was between 120 and 150 minutes. The type of heat source is critical for the CHT system, as reflected directly in the implementation and operation costs, as well as the reaction time and process efficiency. The use of a solar heating system to provide the required partial or total heat could significantly reduce the operating costs of an industrial CHT plant and also facilitate a sustainable practice project. Since natural matrixes are complex systems, the CHT process should be tested under different conditions, changing the pH range, for example.
In this work, there was no experimental design for parameters optimization to the reactor. The initial tests based on the maximum pressure supported by the reactor, reaction time, and the ideal theoretical temperature range for degradation of all molecules, showed good results. 
